ABSTRACT A 3 × 2 factorial arrangement was implemented to determine the performance of 450 Cobb broilers subjected to different feeding regimes with and without lighting programs. The chicks were divided into 3 groups according to the feeding regime (ad libitum, restricted, or intermittent), and each group was reared under one of two lighting programs (100% continuous light or 50% continuous light and 50% flashing light). The results showed that the broilers under the ad libitum and intermittent feeding regimes had superior body weight (BW) and average daily gain (ADG) values and the lowest feed conversion ratio (FCR) at 3 and 6 wk of age. Broilers exposed to flashing light and an intermittent feeding regime had the highest BW and ADG values and the lowest FCR. Birds exposed to intermittent feeding had the highest dressed carcass weight and the lowest heart weight. Broilers reared with flashing light had higher tenderness and juiciness values than the other groups. Broilers subjected to a restricted feeding regime and flashing light had the lowest abdominal fat values of all the groups. Tenderness and juiciness were significantly higher in broilers subjected to the ad libitum feeding regime × flashing light and the intermittent feeding regime × flashing light. Broilers fed an intermittent regime had the lowest spleen %, heterophil, heterophil to lymphocyte (H/L) ratio and body temperature values of all the groups, and broilers reared under the intermittent regime × flashing light had the lowest spleen %, H/L ratio and body temperature values. Non-significant differences in all health aspects (shank length, keel bone length, foot pad burns, breast blisters score, hock discoloration, and mortality) were observed among the experimental groups. In conclusion, intermittent and restricted feeding regimes and a flashing lighting program improved the FCR and did not produce any adverse effects on performance or physiological parameters. The results of this work show that intermittent feeding and flashing lighting programs are more beneficial to broiler management.
INTRODUCTION
Feed utilization in broilers is influenced by different elements, and management practices, seasons and genetic differences, feeding regime and feed structure are considered to influence the performance of broiler chickens (Abreu et al., 2011a; Adiya, 2013) . Free access to feed usually results in consumption that exceeds the requirements for broiler maintenance and production, and the excess energy is converted into fat, which re-duces meat quality and feed efficiency (Butzen et al., 2013) .
Intermittent feeding and lighting have been used to restrict feed consumption and improve feed efficiency, which can lower production costs, reduce excessive abdominal fat deposition, and lower the incidence of metabolic problems (Farghly and Hassanien, 2012; Farghly and Makled, 2015) . Feed restriction programs are one of the main techniques for increasing the production efficiency in broilers (Sahraei, 2012) , controlling certain problems (sudden death syndrome and ascites) and tempering the growth rate of broilers (Adeyemi et al., 2015) .
Lighting duration is a major factor affecting broiler performance. Several investigations examined the relationship between lighting programs and a variety of traits in broilers and showed that continuous this light 2034 regime is not recommended as an optimal program (Farghly and Makled, 2015; Farghly et al., 2016) . A reduction of activity and resting or sleeping during darkness may result in lower heat production by 25% and higher melatonin levels (Rahimi et al., 2005; Farghly et al., 2016) . Melatonin is secreted in dark periods from the pineal gland and sets the internal biological clock, which governs a variety of daily and seasonal cycles or rhythms in different physiological systems, including the cardiopulmonary, excretory, antioxidative thermoregulatory, immune, and neuroendocrine systems (Zeman et al., 2004) . Additionally, the provision of a dark period stimulates higher feed consumption during the light period and improves rest during the dark period (Malleau et al., 2007) .
Recent research has focused on intermittent feed and light regimens (flashes) that can be applied to manipulate continuous lighting and ad libitum feeding problems (Svihus et al., 2013; Farghly et al., 2016) . The addition of darkness or flashing light to a light program reduces electricity consumption. Thus, intermittent light schedules consisting of short periods of light and dark or flashing cycles during feeding or no feeding periods appear to be a suitable scheme.
The present investigation was conducted to investigate the influence of the feeding regime (ad libitum, restricted, and intermittent) and light program (100% continuous light or 50% continuous light and 50% flashing light) on the growth performance, carcass traits, blood parameters, and some health aspects (shank length, keel bone length, foot pad burns, breast blisters score, hock discoloration, and mortality) of broiler chicks with the goal of adapting broilers to a new scenario of feed and energy savings and developing specific practices for broiler production aimed at reducing costs while maintaining or improving productivity.
MATERIALS AND METHODS
The current study was conducted at the Research Poultry Farm, Faculty of Agriculture, Assiut University, Assiut, Egypt. All experimental procedures were conducted according to the Local Experimental Animal Care Committee and approved by the Ethics Committee of the Department of Poultry Production, Faculty of Agriculture, Assiut University, Assiut, Egypt.
Experimental design, birds, and management
A 3 × 2 factorial arrangement was implemented for 450 Cobb broiler chicks to determine the different effects of feeding regimes with or without flashing or intermittent light programs on the growth performance, carcass traits, blood parameters and health aspects of broiler chicks. The chicks were divided into 3 main groups according to the feeding regime (continuous, which consisted of ad libitum feeding for 24 h; restricted, which consisted of restricted feeding period/day for 12 h only; or intermittent, which consisted of intermittent feeding periods/day for 4 h of feeding and 4 h of non-feeding). Each group was reared under one of two lighting programs (100% continuous light or 50% continuous light and 50% intermittent light as flashes). Each group had 5 replicates (15 chicks per replicate). All sources of natural light were covered with heavy cotton black curtains and blackout plastic curtains, which completely blocked any source of natural light. Twenty light flashes/minute were provided by incandescent bulbs. Light flashes were defined as flashing light with a suitable intensity at the bird level, and they were generated by a flasher apparatus that contained a timer and dimmer to justify the flashed lighting period and intensity by using flashing bulbs. The temperature was maintained at 34
• C (55% RH) for the first 2 D and then decreased gradually to 24
• C (55% RH) until 21 D of age. Light intensity (as measured in the middle of the room) ranged between 5 and 10 lux. The stocking density was 10 birds/m 2 . All birds had full access to drinking water throughout the experimental period (6 wk). The diets were formulated to contain 23% CP and 3000 kcal of ME/kg of diet as the starter (as mash) from 0 to 3 wk old, and 21% CP and 3100 kcal of ME/kg of diet as finisher (as pellets) from 3 to 6 wk of age (slaughtering age), as presented in Table 1 . All experimental birds were raised on a deep litter floor (6 to 8 cm thickness of wheat straw) under similar environmental and managerial conditions.
Data collection and measurements
The body weight (BW) and average daily feed intake (ADFI) on a replicate basis were weighed to the nearest gram at 0, 3, and 6 wk of age, and then the average daily gain (ADG) and feed conversion ratio (FCR; g feed/g gain) were calculated at 0 to 3, 3 to 6 and 0 to 6 wk of age. At 6 wk of age, 30 birds were taken as representative samples (5 birds per group; 1 bird per replicate). The birds were slaughtered, and measurements of the carcass and dressed carcass (carcass weight + giblets weight), organ weights (liver, heart, gizzard, and abdominal fat), and lymphoid organ (spleen, thymus and bursa) percentages were also recorded. Meat quality evaluations were conducted via a test panel consisting of ten trained panelists who judged the meat samples for color, flavor, tenderness, and juiciness in grades of 10 points. The blood samples were collected at slaughtering from each bird in heparinized tubes. Differential leucocyte counts were determined using conventional methods. Heterophils and lymphocytes counts were identified based on their characteristics as described by Campbell (1988) , and then the heterophil to lymphocyte (H/L) ratio was calculated (Gross and Siegel, 1983) . The body temperature (
• C) was measured at 6 wk of age using a thermometer inserted into the rectum for 2 min at a depth of 2 cm at midday. Certain health aspects (shank length, keel bone length, foot pad burns, breast blisters score, hock discoloration, and mortality) were recorded. The scores ranged from 1 = no hock discoloration or foot pad dermatitis to 5 = total coverage with red hock discoloration or total foot pad involvement in foot pad dermatitis. The incidence of breast blisters was determined according to the method of Gresham and Barwick (1962) . According to the variations in the size and severity of the breast blister, the scoring system was ranged from 1 (no breast blister) to 5 (large, severe breast blister). Dead birds were recorded daily, and the mortality rate (%) was calculated during the experimental period.
Statistical analysis
Data were statistically analyzed using the general linear model procedure of SAS (SAS Institute, SAS R version 9.2, 2009). Means with significant differences were compared using Duncan's multiple range test (Duncan, 1955) . The following model was adopted for the analysis of variance:
where Y ijk = an observation, μ = the overall mean, F i = the feeding regime effect, L j = the lighting program effect, (FL) ij = the feeding regime and lighting program interaction, and e ijk = the experimental random error.
The experimental unit was the replicate (15 birds per replicate). The percentages of the carcass and organs were transformed to arcsine values and then retransformed to the original values after analysis. The conformation and health aspects scores were tested via the nonparametric rank test using the NPAR1WAY procedure of SAS.
RESULTS

Growth performance
The feeding regime and feeding regime × lighting program interactions affected (P < 0.05) the growth performance ( Table 2 ). Broilers that had access to ad libitum and intermittent feeding regimes had superior (P < 0.05 and 0.01) BW and ADG and the lowest FCR at 3 and 6 wk of age compared to the restricted group. Growth performance was not affected by the lighting programs. Broilers exposed to flashing light and an intermittent feeding regime had the highest BW and ADG values and the lowest FCR of all the groups (Table 2 ).
Carcass and meat quality
Non-significant differences in carcass traits and meat quality were found among the feeding regime groups except in the dressed carcass and heart percentages ( Table 3) . Birds of intermittent feeding groups had the highest (P < 0.05) dressed carcass percentages and the lowest heart weights of all the groups. The lighting programs did not significantly change the carcass traits and meat quality except for the tenderness and juiciness. The broilers exposed to flashing light had higher tenderness (P = 0.0021) and juiciness (P = 0.0066) values than did the broilers exposed to continuous light. Broilers subjected to a restricted feeding regime × flashing light had the lowest (P < 0.05) abdominal fat percentages of all the groups (Table 3) . Tenderness was high (P < 0.001) in the broilers subjected to an ad libitum feed regime × flashing light and an intermittent feeding regime × flashing light compared with those in the broilers in the other groups. Juiciness were high (P < 0.001) in the broilers subjected to an ad libitum feed regime × flashing light and which was statistically different only from those subjected to restricted feeding × continuous light.
Physiological parameters
The results in Table 4 clearly indicate that broilers fed on an intermittent regime had the lowest (P < 0.05 and 0.01) spleen %, heterophil, H/L ratio and body temperature values of all the groups. In addition, changes were not observed in the physiological and blood hematology of the broilers reared under the different lighting programs (Table 4) . Intermittent feeding regimes (0.19%) and Ad libitum (0.21%) fed birds had lower % spleen than those of fed with restricted feeding regime (0.26%). Heterophil counts were significantly different between restricted and intermittent feeding regime birds, while heterophil counts of ad libitum treatment birds were intermediate. Body temperature of birds in intermittent treatment was significantly lower than those of ad libitum and restricted treatments. The broilers subjected to an intermittent regime × flashing light had the lowest (P < 0.05) spleen %, H/L ratio and body temperature values compared with the other groups of interactions. That interaction for spleen, %, H/L ratio and body temperature was not statistically different from continuous light × ad libitum feeding, continuous light × intermittent feeding and flash light × ad libitum feeding regime (Table 4) .
Health aspects
The results show that non-significant differences were observed for the most of health aspects (shank length, keel bone length, foot pad burns, breast blisters score, hock discoloration, and mortality) among the experimental groups (Table 5 ). The broilers exposed to flashing light had the higher (P < 0.05) value of body depth than those of continuous light. Flash light × ad libitum feed birds had the highest (P < 0.05) body depth value which was not statistically different from the other groups, except those of continuous light × ad libitum feed regime. Birds of continuous light × intermittent feed, flash light × restricted feed and flash light × ad libitum feed showed the lowest values of breast blisters score which were statistically (P < 0.01) different from those of continuous light × ad libitum and continuous light × restricted feed (Table 5) .
DISCUSSION
Growth performance
The improvement in the growth performance of broilers exposed to intermittent feeding or flashing lighting could be attributed to the low physical activity and energy expenditure during dark periods, better feed digestion, reduced maintenance nutrient requirements, and greater energy availability for growth (Rahimi et al., 2005; Qi, 2014) . Chickens appear to be stimulated to feed by darkness (Savory, 1980) . The latter author indicated that birds have the opportunity to fill their crop and prevent food deficits in the dark period.
Adiya (2013), Aliakbarpour et al. (2013) , and Qi (2014) indicated that under feed restrictions or intermittent feeding, birds could use their crop and proventriculus-gizzard for feed storage over long periods of feed deprivation. Thus, birds can maintain their growth rate. Aliakbarpour et al. (2013) concluded that the ADG of broilers was not significantly different between the ad libitum and intermittent feeding program groups because the birds raised under intermittent feeding consumed less feed (P < 0.05) and utilized their feed more efficiently than those of the control group fed ad libitum.
Urdaneta-Rincon and Leeson (2002) have argued that the improvement in feed efficiency noted with the use of feed restriction programs is caused by a reduction in the overall maintenance requirements. Similar results regarding feeding regimes were obtained by Butzen et al. (2013) . Our results are inconsistent with those obtained by Adiya (2013) , who found that the FC and weight gain were lower (P < 0.001) in the intermittent feeding group than the ad libitum group. The present results are similar to those of Urdaneta-Rincon and Leeson (2002), Butzen et al., (2013) , and Farghly and Makled (2015) . However, Svihus et al. (2013) reported that chicks in the ad libitum treatment were heavier than those in the restricted or intermittent feed treatments.
Chicks can consume all the feed they desire within 1 h and empty their crops sufficiently to eat again after 3 h (Li et al., 2010) . Changing the lighting program in a poultry management program is a simple tool that can have immense impacts on the productivity and welfare of birds (Schwean-Lardner et al., 2016) . Using flashing light may have aided early growth by providing more opportunity for the birds to reduce heat production and stimulate the secretory patterns of several hormones (Farghly and Makled, 2015; Farghly et al., 2016) . Lighting affects thyroid hormones and melatonin, which play major roles in growth and development (Zeman et al. 2004; Schwean-Lardner et al., 2016) .
Our results are consistent with those reported by Classen et al. (2004) , Rahimi et al. (2005) , Downs et al. (2006), and Yang et al. (2015) who reported that intermittent light increased BW. Additionally, Farghly and Makled (2015) and Farghly et al. (2016) found that light flashes caused an increase (P < 0.05) in BW and DBWG compared with continuous light. Classen et al. (2004) , Lewis et al. (2009 a, b) , and SchweanLardner et al. (2013) indicated that the early growth rate was significantly reduced by longer periods of darkness. However, Ingram and Hatten (2000) , and Tuleun et al. (2010) found that broilers reared under continuous light gained more weight than those exposed to intermittent or restricted light. Amakiri et al. (2011) showed that birds on restricted light regimens can maintain a FC similar to those under continuous illumination by increasing their rate of consumption per unit of illumination time, and the differences among the regimes may also be caused by differences in the appetite levels because birds have an innate capacity to adjust their feed intake under different lighting regimes. Moreover, Amakiri et al. (2011) reported insignificant differences in the weekly BW, DBWG, and FCR of broilers subjected to varying nocturnal lighting programs.
The interaction between feeding regimes and lighting programs indicated that broilers reared under flashing light and intermittent feeding regimes utilized the feed as efficiently as those kept under continuous lighting and feeding, and that interaction was stemming from feeding programs not due to lighting treatments. Ohtani and Leeson (2000) indicated that the FC was reduced by 80% during light periods in broilers exposed to long periods of darkness or intermittent light. Duve et al. (2011) reported that broilers could modify their feeding behavior according to the prevailing lighting or feeding system. Birds that are able to anticipate the oncoming dark period could adjust their feeding activity according to the expected length of this period (Savory, 1980) . Similar results were reported by Classen, et al. (2004) and Schwean-Lardner et al. (2012) , who found that longer periods of darkness reduced the FC value. Yang et al. (2015) reported that the broiler FC and FCR were significantly improved by differences in the photoperiod. Suwindra and Balnave (1986) found that birds exposed to a 2 L:10 D lighting program with feeding restricted to the light periods consumed significantly less food and grew more slowly than conventionally reared birds.
Carcass and meat quality
The results of the present work clearly indicate that flashing lights with a restricted and or intermittent feeding regime can be used as a tool for reducing abdominal fat and upgrading the carcass quality of broilers by increasing tenderness and juiciness. In the current investigation, abdominal fat was reduced with flashing and restricted or intermittent feed regimes, which might have been caused by fat mobilization for the energy supply (Omosebi, et al., 2014) . During ad libitum feeding, broilers will consume more than 2 to 3 times their maintenance requirements and a part of the dietary energy is not utilized for the production of edible parts but is wasted as abdominal fat (Mushtaq et al., 2014) .
Previous investigations indicated that broiler responses to feeding regimes could be affected by different factors, such as the feeding strategy (Urdaneta-Rincon and Leeson 2002), restriction program, and feed restriction duration (Aliakbarpour et al., 2013) . The latter authors observed a significant decrease in carcass percentage under the intermittent feeding programs.
Lighting programs were found to have a major effect on meat quality in the present work. Farghly and Makled (2015) found non-significant differences in the percentages of the dressed carcass, drumstick, femur, breast, heart, and gizzard among all groups under light flashes, although the differences were significant (P < 0.05) in the drumstick, liver and abdominal fat percentages. The obtained results are consistent with the findings of Downs et al. (2006) , who reported that carcass traits and organ weights were not significantly changed under different lighting programs. El-Fiky et al. (2008) found that chicks reared under intermittent light showed significant improvements in carcass traits. The same authors and Abreu et al. (2011b) showed that lighting programs did not affect the heart, liver, gizzard, and abdominal fat percentages.
However, Ohtani and Leeson (2000) and Rahimi et al. (2005) found that a significant reduction in abdominal fat was observed in broilers exposed to intermittent light compared with continuous light. Yang et al. (2015) reported that the eviscerated yield with giblets and eviscerated carcass weights in birds kept under intermittent light (4 L:4 D) photoperiods were significantly higher than the corresponding weights observed in broilers kept under continuous light.
The impact of intermittent feeding with flashing light was more pronounced. These findings are partially consistent with those reported by Butzen et al. (2013) and Farghly and Makled (2015) , who indicated that restricted or intermittent feeding did not affect the carcass characteristics and the relative weights of different organs except the liver. Urdaneta-Rincon and Leeson (2002) and Zhan et al. (2007) found that feed restriction reduced the breast muscle percentage.
Moreover, El-Fiky et al. (2008) reported that broilers subjected to 6 h feed removal had greater percentages of carcass, liver, heart, and gizzard weights than those fed ad libitum. The significantly higher deposition of abdominal fat in the broilers of the continuous lighting and ad libitum feeding group compared with those of the other groups are consistent with the findings of Zhan et al. (2007) and Farghly and Hassanien (2012) .
Physiological parameters
The lighting program is an important factor of the circadian rhythm in poultry, which allows birds to optimally time their metabolism, physiology and behavior (Navara and Nelson, 2007) . The absence of that cycle is associated with an apparently absent circadian rhythm in chickens based on body temperature recordings (Cain and Wilson, 1974) . Broilers are able to anticipate a period of feed unavailability only if it is associated with darkness and not continuous light (May and Lott 1994) .
However, light has a variety of impacts on the pineal physiology of birds by synchronizing pineal circadian rhythm and inhibiting melatonin release (SchweanLardner et al., 2016 ). In the current work, the spleen % was significantly increased under the application of restricted feeding with continuous light and or flashing lighting regimes compared with the other groups. This result could be related to direct and indirect effects of melatonin on leptin hormone concentrations.
Providing a short dark period between 2 shorter periods of lighting separated in time might reduce the negative impacts of an extended dark period (Duve et al. 2011 ). Farghly (2014) observed significant differences for the H/L ratio between chickens exposed to flashing lighting and control birds. Zheng et al. (2013) observed that intermittent light significantly improved nonspecific immunity in broilers.
Regarding the mortality rate, the intermittent feeding with flashing light regime led to a reduction in the mortality rate. In addition, intermittent lighting programs have been found to increase the livability, decrease the metabolic diseases and other skeletal disorders and improve the immune system (Brickett et al., 2007) . Schwean-Lardner et al. (2013) reported that mortality decreased linearly with increases in the darkness periods.
Health aspects
The feeding and light programs affected the broiler welfare. Poor health is arguably the most obvious indication of reduced welfare (Dawkins et al., 2004) . Sleep deprivation by continuous lighting can have negative impacts on health responses. However, the breast blister scores were significantly decreased under the application of intermittent feeding with continuous light or a flashing lighting regimen compared with the other groups.
One of the potential benefits of darkness is the change in metabolism that occurs during the dark period and the consequential rejuvenation of tissue (Brickett et al., 2007) . Yang et al. (2015) reported that leg abnormalities were observed among the 3 experimental treatments; however, the bone elastic modulus of birds reared in intermittent light (4 L:4 D) was greater than that of the birds in the intermittent light (2 L: 2 D) and continuous light regimes.
Significant differences were not observed in the mortality rates among the different lighting programs according to Rahimi et al. (2005) , Lewis et al. (2009b) and Farghly (2014) . The rapid growth rate of broilers is related to a number of problems, such as a high incidence of metabolic disorders, high mortality, and high incidence of skeletal diseases (Weeks et al., 2000) . Feedrestricted birds showed reduced skeletal problems and mortality rates compared with continuously fed birds (Mench, 2002) . Moreover, El-Fiky et al. (2008) and Farghly and Hassanien (2012) showed that the mortality rate was not significantly affected by feed restrictions or frequencies. However, Urdaneta-Rincon and Leeson (2002) reported that feed restrictions significantly lowered the mortality rate of broiler chicks.
Including darkness in a lighting program can improve the walking ability and physical activity in broilers (Schwean-Lardner et al., 2012) . The endogenous melatonin rhythm modulates markers critical to bone physiology (Witt-Enderby et al., 2012) . The implementation of graded levels of lighting programs on broilers and turkeys indicated that long lighting programs increased mortality, reduced mobility, and changed the behavior in both species (Schwean-Lardner, et al. 2016). Tuleun et al. (2010) found that continuous lighting reduced the severity of leg abnormalities. Similar findings to our results were reported by Farghly (2014) , who indicated that flashing lights did not affect the severity of the leg problems and bone measures (keel and shank lengths). Hester et al. (2011) reported that birds exposed to a short lighting photoperiod had longer bones and more bone area because of a delay in bone growth plate closure.
Studies have also reported that lighting programs could reduce the incidence of leg disorders in broilers (Lewis et al., 2009a and Schwean-Lardner et al., 2012 . Additionally, Ingram and Hatten (2000) reported that the photoperiod had a significant impact on the keel length and width, which are good indicators of skeletal development. Farghly and Makled (2015) found that intermittent feeding produced non-significant differences in the conformation measurements and leg problem scores among the experimental groups.
CONCLUSION
The results of this study indicate that intermittent and restricted feeding regimes improved the FCR and did not cause any adverse effects on performance or physiological parameters until marketing age. The present work showed that flashing lighting program gave similar results as continuous one. Consequently, such a regimen appears to be more practical and acceptable in broiler farms equipped with automatic feeding and lighting systems and could be a possible alternative to traditional methods.
